Overexpression of the R2 subunit of ribonucleotide reductase in human nasopharyngeal cancer cells reduces radiosensitivity.
Ribonucleotide reductase is the rate-limiting enzyme in the de novo synthesis of deoxyribonucleotide triphosphates, which are utilized in both DNA synthesis and DNA repair. We reported previously that RR enzyme activity and R2 (catalytic subunit of RR) protein levels were increased after exposure to ionizing radiation (IR) in growth-arrested human tumor cells, suggesting that R2 protein expression regulates RR activity to allow for IR damage repair. Using isogenic human nasopharyngeal carcinoma cells in this study, we examine the relationship of overexpression of either the R1 regulatory subunit or the R2 catalytic subunit of RR to the cellular response of IR damage. We used three isogenic human nasopharyngeal cancer cell lines previously derived by Zhou et al, including KB, the parental tumor cell line; KB/M1, an R1 protein-overexpressing clone stably transfected with human R1 complementary DNA; and KB/M2, a R2 protein-overexpressing clone stably transfected with human R2 complementary DNA. We initially characterized these isogenic human tumor cell lines in exponential growth for R2 protein expression, RR enzyme activity, and R2 protein changes during the cell cycle by flow cytometry. Subsequently, the IR response in these cell lines was determined by clonogenic survival, cell cycle changes occurring after IR, and an analysis of IR DNA damage determined by pulsed field gel electrophoresis. The effect of combining IR and hydroxyurea, a RR (R2) inhibitor, was also studied in KB and KB/M2 cells. KB/M2 cells were found to have 4.5-fold higher R2 protein expression and a threefold higher RR enzyme activity in exponential growth than KB and KB/M1. Although R2 protein levels increased at the G1/S transition in all cell lines, KB/M2 cells also demonstrated consistently higher R2 protein levels throughout the cell cycle. Using a linear-quadratic analysis of IR clonogenic survival data, KB/M2 cells were more radioresistant than KB and KB/M1 cells, including both decreased alpha and decreased beta values, a finding that correlates with increased reparable IR damage. KB/M2 cells also show a reduced G2 cell cycle arrest and fewer DNA double strand breaks 18 hours after IR (6 Gy). Exposure of KB/M2 cells to hydroxyurea (300 microM) after exposure to IR restored in vitro radiosensitivity in a manner similar to that found in KB and KB/M1 cells. An increase in R2 protein levels and RR activity in KB/M2 cells results in IR resistance, which appears mediated by enhanced IR damage repair during G2. R1 protein overexpression in these isogenic human tumor cells (KB/M1) did not affect RR activity or IR response.